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ZOOLOGY

THE PHYSIOLOGICAL EFFECTS OF STRYCHNINE
AND ELECTRIC STIMULI ON CYCLOPS
RALPH

J.

FRICKE

St. Mary's College, Winona

Cyclops, the intermediate hosts of parasites of higher animal~, particularly some tapeworms of fish, waterfowl, and some mammals is a
comparatively simply crustacean. From the following it should become apparent that the Cyclops is, in fact, very complex, exhibiting
physiological reactions similar to those produced in the mammal.
(Figure 1.)
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Figure 1.

This study will include certain observations of the physiological
effects of strychnine and electric stimuli on Cyclops. The animal lacks
a heart. Body fluid is circulated as a result of the rhythmic movements
of its gut. For the experiments a clone of the species Eueyclops agilis
was established. In a clone, all the offspring are from the same parents. Hence, further animals result from inbreeding. All the animals
are thus, genetically similar and consequently ideal for experimental
use.
In the nervous system the messengers of communication are acetylcholine and adrenalin. They are responsible for the transmission of
signals across the junction between two nerve cells, the synapse.
Acetylcholine incites transmission and adrenalin inhibits it. The two
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chemical messengers, working counter to each other, regulate communication in the nervous system. Since strychnine inhibits acetylcholine esterase, the enzyme which destroys acetylcholine, there is an
indirect method for studying the nervous system of an animal in an
abnormal state.
After much trial and error, a concentration of 3.5 X 10-3 % seemed
to be the best for demonstrating the syndrone of strychnine poisoning. A Cyclops, placed in a Petri dish containing dissolved strychnine,
begins showing signs of distress after three minutes. Thus, it can be
presumed that strychnine will penetrate a Cyclops and diffuse to its
nervous system in not less than three minutes.
One of the first reactions is an increase in the speed and rate of
its movements. After approximately four minutes, the animal may be
seen rapidly swimming around the periphery, that is, next to the wall
of the Petri dish, either clockwise or counterclockwise. In approximately six minutes the Cyclops appears .to be in a convulsive state.
It swims in sommersaults, rests for' a minute, performs, more acrobatics, and rests again. None of these movements was ever observed
in an unpoisoned animal. After seven minutes these periods of rest
became longer and the erratic movements became fewer. Within ten
minutes the animal does not respond to a tactile stimulus. All this
time the gut pulsates at a rate of 15 to 20 beats per minute. But
within ten minutes, this movement of the gut, though occurring at a
constant rate, decreases in force and eventually ceases. At this point
the animal is assumed to be dead. Any Cyclops which showed some
reaction to any concentration of strychnine never survived more than
twenty-four hours.
Some Cyclops were placed in various concentrations of adrenalin.
The force and the rate of gut movement was seen to gradually decrease with time and increased concentration. In the mammal, adrenalin is effective in the gradual inhibition of the muscles of the gastrointestinal tract.
In the study of a stimulus and response, a most efficient and reliable method for evoking a response is to stimulate an organism with
an electric current. Such methodology affords excellent opportunities
for observing an organism with little obstruction of view and observing it with the knowledge that at a definite instant, an organism is
receiving stimuli of a specific frequency, duration and strength.
A lucite plastic slide of the type illustrated (Figure 2) was constructed by means of a dentist's drill. A mature Cyclops was suspended in a drop of water on the broad surface of the plastic slide.
Then, slightly tilting the plate of plastic, the drop was guided with a
probe so that it would be covering the entrance to the stimulating
chamber. But the chamber at this time must contain some water with
the meniscus approximately 1 cm. from the entrance of the electrode.
When the drop of water is above the entrance hole, capillary action
will draw it into the chamber, the Cyclops entering with the water. The
electrodes ( steel) are then slowly and carefully inserted into opposite
268
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Figure 2.

ends of the chamber. The Cyclops may probably swim from one side
to the other. The first electrode is inserted when the animal was on
the other side of the chamber. After a time, when the animal has
finally swum into the stimulating cell, the other electrode can be
completely inserted so that the Cyclops is confined in a small cell at
each end of which are the electrodes for stimulation. A DC electric
stimulator was used as the source of the electric stimuli.
An attempt was made to establish a strength vs. duration relationship, that is, the comparison of how long a current was delivered to
the strength of it in eliciting a response. The frequency dial was set
so that a stimulus would be delivered every second. With each duration setting, a minimum or threshold voltage was recorded. In applying the current, the voltage was decreased until the appendages could
no longer be seen to pulsate. This point is called the threshold voltage. It should be pointed out that not all of the appendages have the
same threshold. The antennae are the most sensitive. The threshold
values given were obtained for the antennae.
In compiling data, no distinction was made between males and
females. No single animal was used to find more than five threshold
voltages since the procedure exhausts them and the threshold values
rise. From the data, a graph was constructed showing the strengthduration relationship. (Figure 3)
There is evidence of accommodation. If one begins sending a current through the Cyclops at a sub-threshold voltage and gradually
increase the voltage, during _a period not less than one minute, the
animal will not show a response until the threshold voltage is exceeded by at least two and sometimes six volts. There was no evidence of summation.
A Cyclops, given an effective dose of strychnine, exhibits a
strength-duration relationship of from three to six volts above the
threshold of untreated Cyclops. Also, the threshold values of a given
strychnized Cyclops may either rise or fall with increasing durations.
This is not unreasonable since a strychnine poisoned Cyclops is quickly
fatigued from many spontaneous convulsions.
When a continuous current of at least four volts was applied to a
Cyclops, as yet undisturbed by any previous shocks, it would respond
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Figure 3.

by ramming itself head first against the cathode. If the Cyclops were
previously stimulated, they may or may not demonstrate this phenomenon.
Tetanus, the complete paralysis of the animal, would require a minimum of sixty volts with the duration of the shock being from 0.05 to
1 millisecond. With a duration in excess of 1 millisecond, only 30 to
40 volts were necessary. These figures are approximations since there
is great variation between individual Cyclops. If the current for evoking tetanus was not maintained for more than a few seconds, the animal will fully recover.
As in the strychnine experiments, the rhythmic movement of the
gut seemed to be undisturbed by any electric shock, except of course,
a tetanic shock. However, even in tetanus, if the Cyclops is to eventually recover, the gut will be seen to suddently begin pulsating about
fifteen times per second, contracting more fully with time. In all the
animals that recovered, the gut had begun contracting within twenty
seconds after the tetanic shock.
CONCLUSIONS:

1. Cyclops can be reared easily and in abundance. Establishing a
clone is merely a matter of patience. One female with egg sacs placed
in polluted water and left undisturbed is sufficient to rear a clonal
community.
2. It would seem that the muscles attached to the gastro-intestinal
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tract of the Cyclops are innervated by .some type of autonomic· nervous system, since the rate of contraction remains constant and apparently unconsciously controlled; it is unaffected by strychnine but
. affected by adrenalin. The smooth muscles of mammalian intestine
are affected in a like manner.
3. Cyclops demonstrate a strength-duration relationship of muscular contraction common to all animals. The curve given in the last
photograph is typical.
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